Sorghum, the third largest cereal crop in India, is mostly used for human consumption and is an important staple food for a large proportion of the Indian population. It has been found to be low in both the essential amino acid Iysine and in calcium. Studies have shown that the Iysine content of sorghum can be improved by infusion [1] , but little effort has been made to improve its calcium content. The present study was undertaken to determine the best method for increasing the calcium content of sorghum grain. Naturally occurring polyphenols are known to lower the nutritional value and digestibility of sorghum, and soaking the grains in calcium hydroxide (lime) solution helps to remove the tannins [2] to enhance the utilization of nutrients and digestibility [3] . Samples were not analysed for polyphenol content in this study because the storage period lasted for only three or four days and greying was not a problem.
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Materials and methods
Four varieties of sorghum grain (SB-1079, DSH-1, CSH-5. and SB-905) were obtained from the Regional Research Station in Dharwad. The grain was cleaned before further processing. All the varieties were treated with 0.2% calcium hydroxide solution in a ratio of 1:3 w/v of grain to solution. Two methods were applied: (1) dipping or soaking in calcium hydroxide solution and air-drying for 24 hours, and (2) dipping or soaking in calcium hydroxide solution, washing with distilled water, and air-drying for 24 hours. These two treatments were carried out on both germinated and ungerminated grain. Untreated sorghum grain served as the control.
There were five soaking periods: dipping only, and soaking for 4, 8, 16, and 32 hours. After drying, the samples were powdered in a dry grinder and stored in a refrigerator for further analysis. The calcium content of the processed sorghum was analysed by precipitating it as calcium oxalate in dilute H 2 SO 4 against the standard KMnO 4 [4] . Although soaking adds significant quantities of water, the water is easily and inexpensively removed by sun-drying.
Results and discussion
The calcium content of the four sorghum varieties was analysed before and after processing, and the results are presented below.
Varietal variation
Among the four untreated varieties, CSH-5 showed the maximum calcium content (63.0 mg per 100 g), followed by DSH-1 and SB-905 (table 1). SB-1079 showed the lowest calcium content (32.0 mg per 100 g).
Deosthale and Belvady [5] studied varietal differences in the calcium content of sorghum grains. Their values ranged from 23.2 mg per 100 g for CSV-1 to 43.2 mg per 100 g for CSV-3, which were much below the range observed in the present study. Perhaps these lower values reflected varietal, seasonal, and locational differences in the crops of sorghum harvested.
In our study, germinated grain of all varieties except SB-1079 showed greater increases in calcium content when soaked in lime and dried than ungerminated grain. A maximum calcium content of 253.6 mg per 100 g was obtained in the germinated DSH-1 variety after soaking in lime and drying. Increasing the soaking time from dipping only to four hours resulted in an increased calcium content in SB-1079 and CSH-5, whereas in the DSH-1 and SB-905 varieties the calcium content was increased for up to eight hours of soaking. Regardless of the soaking method or length of soaking, SB-905 showed significantly lower calcium content than the other varieties (table 2). The calcium contents of the SB-1079, DSH-1, and CSH-5 grains were comparable. 
Effect of the method of treatment
Irrespective of the variety of grain and the duration of soaking, the germinated grain showed a higher calcium content than the treated ungerminated grain (table 2) . Some of the treated grain samples were washed before drying to determine how much calcium adhered to the seed coat, how much had penetrated the endosperm, and how much was lost during washing. The washing resulted in decreased calcium levels; when not washed after soaking, both germinated and ungerminated sorghum grain showed significantly higher calcium contents (238.1 mg and 209.4 mg per 100 g respectively) than the grain that was washed. The loss of calcium during washing might be attributed to the removal of calcium adhering to the surface of the grain as well as to the osmotic gradient created by the washing process. The percentage of calcium lost was minimal when washing occurred after 4, 8, or 16 hours of soaking. The calcium loss was 60% in SB-1079 when both germinated and ungerminated grains were washed after simple dipping in lime (table 3) . The percentage of calcium loss due to washing decreased in all varieties as the duration of lime soaking increased. Fluctuations in calcium loss might be attributed to differential damage to the kernel that could alter the infusion and leaching process, as reported by Cavins et al. [1] .
Effect of the duration of soaking
Regardless of the variety of sorghum used or the method of treatment, increasing the soaking time from simple dipping to four or eight hours resulted in a significantly higher calcium content (table 2). The levels recorded after four and eight hours of soaking were comparable. In contrast, further increases in the Means printed in italic type within the same section of the table do not differ significantly among themselves at the 1% level of significance. a. Treatments as listed in the note to table 1. soaking time to 16 or 32 hours caused a significant reduction in calcium content. This reduction might have been caused by separation of the horny endosperm cells, resulting in calcium leaching, as reported by Martinez [6] .
The results of the experiment reported here show that soaking of germinated sorghum grains in lime for four to eight hours followed by drying in the shade for 24 hours is the best method for achieving calcium enrichment.
Since unleavened flat bread (rot)) is one of the most commonly consumed sorghum products in India, as an ancillary experiment we compared the organoleptic quality of rotis prepared in the usual way and prepared from grain treated by the methods described in this study. No differences were found between the control and treated sorghum rotis with regard to appearance, colour, texture, flavour, or overall eating quality at either the laboratory or the consumer level.
Summary
Four varieties of sorghum grain (SB-1079, DSH-1, CSH-5, and SB-905) were subjected to four methods of treatment with saturated calcium hydroxide solution (soaking and drying with and without washing for germinated and ungerminated grains) for five different periods: dipping only, or 4, 8, 16, or 32 hours of soaking. Among all the varieties, treated germinated grain showed a higher calcium content than treated ungerminated grain. Irrespective of the method or duration of soaking, SB-905 showed a significantly lower calcium content than the other varieties. A maximum calcium content of 253.6 mg per 100 g of grain was obtained in the DSH-1 variety when germinated grain was soaked and dried, compared to a 55.0 mg per 100 g in the untreated sample.
Washing after soaking resulted in a decreased calcium content in both germinated and ungerminated grains. Increasing the soaking time from simple dipping to four or eight hours resulted in a significant increase in calcium content. Further increases in soaking time to 16 or 32 hours caused a significant reduction in calcium content. 
